Structural Dynamics of the Heterodimeric ABC Transporter TM287/288 Induced by ATP and Substrate Binding.
TM287/288 is a heterodimeric ATP-binding cassette (ABC) transporter, which harnesses the energy of ATP binding and hydrolysis at the nucleotide-binding domains (NBDs) to transport a wide variety of molecules through the transmembrane domains (TMDs) by alternating inward- and outward-facing conformations. Here, we conducted multiple 100 ns molecular dynamics simulations of TM287/288 in different ATP- and substrate-bound states to elucidate the effects of ATP and substrate binding. As a result, the binding of two ATP molecules to the NBDs induced the formation of the consensus ATP-binding pocket (ABP2) or the NBD dimerization, whereas these processes did not occur in the presence of a single ATP molecule or when the protein was in its apo state. Moreover, binding of the substrate to the TMDs enhanced the formation of ABP2 through allosteric TMD-NBD communication. Furthermore, in the apo state, α-helical subdomains of the NBDs approached each other, acquiring a conformation with core half-pockets exposed to the solvent, appropriate for ATP binding. We propose a "core-exposed" model for this novel conformation found in the apo state of ABC transporters. These findings provide important insights into the structural dynamics of ABC transporters.